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BMPROVBMENTS IN AND RELATING TO IMPLANTS 

This invention concerns improvements in and relating to implants, for instance spinal 
implants and more particularly, but not exclusively in relation to full or partial replacement 
S of the nucleus pulposus. 

A number pf surgical techniques are known with a view to addressing problems with 
intervertebral discs- Such techniques include the partial or complete removal of the 
nucleus pulposus or remains thereof. In other cases the entire disc is removed. The 
10 subsequent treatment varies. In some cases the two vertebrae are fksed together, for 
1 instance by tight packing of bone chips between the two. to some other case, an implant of 
some design is inserted into the space vacated. The implant may seek to provide some of 
the function of the disc or merely maintain the spacing of the vertebrae. Such treatments 
may be needed because of damage and/or disease. 

15 

In cases where only part Of the nucleus has been lost or is to be replaced, generally, one or 
more incisions are made in the ammlns of the disc. The necessary part of the nucleus is 
then removed through the opening created by the incisions. The implant itself is then 
inserted. The implant is inserted wliole or may be inflated after insertion by introducing 
20 hydrogel or the like. Once installed, the incisions are closed and sutured The sutures are 
applied direct to the annulus itself with the sutures passing through the annulus on one side 

of the incision, bridging the incision and then passing through the annulus on the other 

side. 

25 The success of such a procedure depends upon the long term ability of the implant to 
provided Hie desired spacing between vertebrae and the extent to which natural function of 
the disc is maintained. 

The present invention has amongst its aims potentially to provide long term maintenance 
30 of the spacing between vertebras. The present invention has amongst its aims potentially 
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to provide better tissue ingrowth into and/or around the implant. The present mveiifton has 
amongst its aims to maintain as tar as possible natural function for She spine. 

According to a first aspect of me invention we provide a spinal implant, fee implant 
5 including a porous component and one or more filling elements provided wiwiu the porous 
component. 

The implant nifty he a partial nucleus pulposus replacement. The implant may he a total 
nucleus replacement Preferably me implant maintains the separation of the vertebrae 
which it is provided between. The implant may mimic the characteristics of a natorally 
occurring nucleus. Preferably the implant provides some or all of the resistance to 
compressive loads provided by a natural nucleus. The implant may be inserted anteriorly 
or posteriorly. The implant maybe provided within a natural annulus and / or an artificial 
annulus. 



10 



15 



The porous component may be a bag or other form of container. The porous component 
may have an opening to permit the insertion of the oae or more filling elements. 
Preferably the opening is closable, for instance by one or more of folding, stitebing, 
suturing, gluing, stapling or the like. 
20 The porous container may be made of febric, particularly a woven fabric. The fabric may 
be one or more of flat woven or circular woven, knitted, braided, embroidered or 
combinations thereof. 

The fabric may include and/or be formed from one or more fibre materials. The fabric 
25 may include and/or be formed of one or more of polyester, polypropylene, polyethylene, 
glass fibre, glass, polyaramide, metal, copolymers, polylactic acid, polyglycolio acid, 
biodegradable materials, silk, cellulose or polycaprolactone. 

Preferably the pores in the porous component have at least one cross-sectional dimension 
30 that is less than the smallest cross-sectional dimension of the filling elements. Preferably 
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fhe ctoss-sectional aica of the pores is less than the minimum cross-sectional area of the 
fining elements. Preferably the filling elements cannot pass through the pores of the 
porous component. 

5 The porous component may entirely surround the filling elements and/or encapsulate the 
filling elements. One or more apertures or gaps may be provided in the porous component 
ideally to provide or assist fluid communication through the porous component or to assist 
it. Preferably a large number of apertures or gaps are provided in the material from which 
the porous component is formed, for instance a woven febric. The apertures or gaps 

10 occurring in the porous component may be due to the manner of manufacture of the 
material from which it is formed or may be supplemented with further apertures or gaps. 
The supplementation may be provided by degradation and/or absorption of one or more 
materials forming the inner component. Where apertures or gaps are provided, preferably 
they have at feast one cross-sectional dimension that is less than the smallest cross- 

15 sectional dimension of the filling elements, Preferably the cross-sectional area of the gaps 
or apertures is less, man die minimum cross-sectional area of the filling elements. 
Preferably the filling elements cannot pass through the gaps or apertures of the porous 
component. 

20 The porous component may be configured and/or formed of and / or provided with one or 
more materials intended to promote tissue growth, particularly tissue ingrowth through the 
porous component and/or between the porous component and one or more of the filling 
elements and/or between two or more of die filling elements. Tissue growth may be 
promoted by the material type, for instance polyester. Tissue growth may be promoted by 

25 the configuration, particularly the size and/or number of pores and/or gaps and/or apertures 
to the porous component Tissue growth may be promoted by a chemical, for instance a 
pharmaceutical, provided as part of the porous component or associated therewith. 



One or more materials used in the pwous component may be bio-absorbahle. The bio- 
30 absorbable material may be used to decrease the amount of porous component present 
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and/or positions at which the porous component is present and/or density at which the 
porous component is present overtime, The bio-absorbable material may restrain the 
porous component in a first state, the bio-absorption of the material allowing the porous 
component to assume a second stats. The second state may provide a greater internal 
5 volume for the porous component arid/or greater porosity for the porous component and/or 
reduction in mass of the porous component and/or provide more space for tissue ingrowth, 

Bio-absoibable material may be incorporate in the porous component by providing areas of 
bio-absocbabie material and/or one or more fibres of bio-absorbable material. The porous 
10 component may be entirely bio-absorbable or only partiaDy. Different materials having 

different rates of bio-absorption may be used for different areas and/or different fibres 
within the porcros component Slow, moderate and fest bio-absorption materials may be 
used. 

< ' 

15 The one or more filling elements may be fibrous* 

One or more of the one or more filling elements may include and/or be formed from one or 
more fibre materials. One or more of the one or more filling elements may include and/or 
be formed of one or more of polyester, polypropylene, polyethylene, glass fibre, glass, 
20 polyararnide, metal* copolymers* polylactic acid, polyglycolic acid, biodegradable 
materials, silk, cellulose or polycaprolactons. 

Preferably one or more filling elements that me porous and/or define voids within 
themselves and/or between parts of a filling element are provided. The pores and/or voids 
25 and/or apertures and/or gaps provided in or by the filling elements ideally provide fluid 
communication through the filling elements and/or there between. Preferably a lafge 
number of pores and/or voids and/or apertures and/or gaps are provided in fhe material 
from which filling elements are formed. Preferably a large number of pores and / or voids 
and / or apertures and / or gaps are provided by one or more Of the filling elements. 
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Preferably a large number of pores and / or voids and / or apertures and / or gaps are 
provided within one or more of the filling elements by virtu© of their structure. 

One or more filling elements may be formed of unconstrained fibres. One or more filling 
5 elements may bo formed Of unbonded fibres. One or more filling elements of felt or felt- 
like material may be provided. One or more filling elements with interlaced fibres may be 
provided. One or more filling elements may be provided with aligned fibres, One or more 
filling elements may be provided with one or more groups of aligned fibres and / or one or 
more non-aligned fibres and / or one or more groups of fibres on different alignments to 
10 the first. One or more filling elements with non-linear fibres may be provided. One or 
more filling elements with wavy and / or curved and / or zig zag fibres may be provided- 
One or more filling elements with fibres which act to space each other from one another 
may be provided. One or more filling elements with primary fibres having a first 
alignment and secondary fibres on a different alignment, which serve to space the primary 
15 fibres from one another may be provided One or more filling elements of cotton wool or 
like material may be provided. 

One or more filling elements with fibres of two or more different cross sections may be 
provided. The fibres of different cross sections maybe linear and / or non- linear. 

20 

One or more filling elements with fibres provided in a first direction maybe provided, with 
one or more restraining fibres or material. The restraining fibres and / or material may 
surround and / or enclose and / cor be wrapped around and / or contact a plurality of fibres. 
The restraining fibre or material may be provided as a band. The restraining fibres of 
25 material may be provided at the ends of the filling elements and / or at intermediate - 
locations thereon. 

One or more filling elements may be provided with peripheral fibres or material provided 
around the filling element The peripheral fibres or material may be wrapped around the 
30 filling elements in a spiral manner and / or criss-cross manner. The fibres or material may 
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be provided in an anti-clockwise and / or otookwise manner. A fishnet of fibres may be 
. , provided around one or more filling elements. 

One or more filling elements may be provided with pieces provided therein. The pieces 
5 may be intermixed with one or more fibres. The pieces may be spheres, beads, blocks or ' 
,-. the like. The pieces may be integral with the fibres and/ or connected thereto and / or free 
to move relative to the fibres. Preferably fibres are wrapped and / or extend around at least 
part of the periphery of the beads, ideally in a variety of directions. The pieces may be 
linked together by a fibre or filament, particularly in fits case of the series of spheres. The 
10 spheres may be surrounded by a mass of braided fibres. The masses of braided fibres may 
be linked by one or more fibres or filaments. Preferably the masses of fibres surround the 
spheres * 

A single layer of tilling elements may be provided within the porous component. Multiple 
15 layers of filling elements may be provided within the porous component. One or more 
mtermmglcd filling elements may be provided within the porous component. The filling 
elements may be of linear configuration and / or curved and / or wavy. One or more spiral 
filling elements may be provided. One or more filling elements of substantially circular 
cross-section may be provided. One or more fillmg elements with one or more flat 
20 surfaces may be provided. One or more filling elements of generally square and / or 
pentagonal and / or hexagonal and / or octagonal cross-section may be provided. 

The pores and/or voids and/or apertures and/or gaps occurring in the fillmg elements 
and/or there between may be due to me manner of manufacture of the material from which 
25 it is formed or may be supplemented with further pores and/or voids and/or apertures or 
gaps. The supplementation may be provided by degradation and/or absorption of one or 
more materials forming the filling elements. 

The one or more filling elements may be configured and/or formed of one or more 
materials intended to promote tissue growth, particularly tissue ingrowth through one or 



30 
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more filling elements and/or between the porous component and one or more filling 
elements and/or between two or more of filling elements. Tissue growth may be promoted 
by the material type, for instance polyester, included in one or more filling elements. 
Tissue growth may be promoted by the configuration! particularly the size and/or number 
5 of pores and/or gaps and/or apertures in one or more filling elements. 

One or more materials used in one or more of the filling elements may be bio-absofbable. 
The bio-absoibable material may be used to decrease the amount of one or more filling 
elements present and/or positions at which one or more filling elements is present and/or 

ID density at which one or more filling elements is present overtime. The bio-absorbable 
materia] may restrain one or more of the filling elements, or a part thereof, in a first state, 
the bio-absorption of the material allowing one or more filling elements, or a part thereof, 
to assume a second state. The second state may provide a greater internal volume for one 
or more filling elements and/or greater porosity for one or more filling elements and/or 

15 reduction in mass of one or more filling elements and/or provide more space for tissue 
ingrowth. 

Bio-absorbable material may bo incorporate in one of more filling elements by providing 
areas of bio-absorbable material and/or some fibres of bio-absorbable material. One or 
20 mare of the one or more filling elements may be entirely bio-absorbable or only partially. 
Different materials having different rates of bio-absorption maybe used for different areas 
and/or different fibres within one or more filling elements. Slow, moderate and fast bio- 
absorption materials may be used 

25 The first aspect of the invention may include any of the features, options or possibilities set 
out elsewhere in this document. 

According to a second aspect of the invention we provided a surgical technique in which, 
at least part of a spinal disc is removed and an implant is provided, the implant having a 
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porous component and one or more filling elements provided within the parous 
component. 

A part or the whole of a nucleus pulposus may be replaced. The implant may be inserted 
5 totcriorty and / or posteriorly. 

Preferably title porous component is inserted through the same incision as is used to remove 
the nucleus material. Preferably the incision is only as large as needed for the nucleus 
material removal stage. The porous component may be folded and / or compressed fear 

10 insertion into the intervertebral disc space. Preferably the one or more filling elements are 
absent from the porous component during insertion into the intervertebral disc space- 
Preferably the one or more filling elements are introduced into tibia porous component 
within the Intervertebral disc space. The one or more filling elements may be deployed 

15 from an applicator, for instance by extrusion therefrom. 

Preferably the one or more filling elements are provided through the incision used to 
remove the nucleus material. Preferably the incision used for introducing the one or more 
filling elements is no larger than the incision necessary ft>r the removal of the nucleus 
20 material* 

Preferably the technique includes a first rime in which the implant provides one or more 
Characteristics of a naturally occurring disc by virtue of a non-biological mechanism, and a 
second time at which the implant provides one or more characteristics of naturally 
25 occurring disc by a combination of a non-biological mechanism and biological mechanism. 
Ideally, the biological mechanism is tissue in-growth. The technique may include a third 
time with substantially all of the one or more characteristics of a rianrraUy occurring disc 
are provided by a biological mechanism. Preferably the transition from the mechanism at 
the first time to the second time and / or third time is due to bio-absorption of one or more 
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Of the materials forming the implant and particularly forming one or more filling elements 
thereon. 

The second aspect of the invention may include any of the features, options or possibilities 
5 set out elsewhere in this document including in the first aspect, 

Various embodiments of the invention will now be described, by way of example only a and 
with reference tp the accompanying drawings in which:- 

Figure 1 shows a perspective view of a disc featuring part of a device according to an 
10 embodiment of the present invention;. 

Figure 2 shows the view of Figure 1 with the device near completion; 

Figure 3 shows the dispensing of one embodiment of the filling using one embodiment of 

an applicator, 

Figures 4a to 4c show other embodiments of fillings; « 
15 Figure 5 shows a further embodiment of a filing in perspective view; 

Figures 6a and 6b shows still further embodiments of filings in perspective view; 

Figure 7 shows yet another embodiment of a filling; 

Figure 8 shows an embodiment of the invention including beads; 

Figure 9 shows a ftrrther bead incorporating embodiment of the invention; and 
20 Figure 1 0a to 10c show different stages in the life of a device according to the invention, 

from initial point of deployment, through an intermediate time to a much later time after 

deployment 

PprK of the intETvertebral discs within a spine ftmotion as a spacer, as a shock absorber, 
25 tod to allow motion between adjacent vertebrae. The heigjbt of the disc maintains the 
separation distance between the vertebral bodies. There are three functions that the 
intervertebral disc performs;- 

• Proper spacing - Allows the intervertebral foramen to maintain its height, 

30 allowing the segmental nerve roots, room to exit each spinal level without Compression. 



28/03 2004 18:54 FAX. UDL LEEDS 



• Shook absorption - Not only allows the spine to compress and rebound when ihe 
spine is axially loaded (during such activities as jumping and running) but also to resist the 
downward pull of gravity on the head and trunk during prolonged sitting and standing. 

• Elasticity (of the disc) Allows motion coupling, so that the segment may fleet, 
rotate, and laterally bend all at the same time during a particular activity. This would be 
impossible if each spinal segment were locked into a single axis of motion. 

10 The intervertebral disc consists of four distinct parts. These ar© the nucleus pulposus, 
annulua fihrosus and two end plates. It should be noted that although these four sections 
are very much distinct in their own right the boundaries between then are not as distinct. 
Most investigators tend to ignore the end plates and dismiss them as merely as die barrier 
between the vertebrae and the parts of the disc which allow motion of the spine. However, 

1 5 the end plates are important in completing the structure of the disc and creating some of the 
boundary conditions that define the behavior of die disc. 

.■ 

From around the 20th year of a persons life, the discs become completely avascular, 
although they show high metabolic turnover. The water content of the discs will decrease 
20 the older the person gets. 

End Plates 

The end plates are composed of hyaline cartilage. This is basically a "hydrated 
Proteoglycan gel a reinforced by Collagen Fibrils" - Ghosh; The Biology of the 
25 Intervertebral Disc. CRCPress, ISBN 08493671 1 523. As stated, the boundary between the . 
annulua and end Plate is not a distinct one, under a microscope the two parts merge 
together, with a region whioh is neither one tissue nor the other. 

Annulus 
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The annulus is the outer ring of the disc, A strong, laminated structure of opposed layers of 
Collagen fibres. An annuhis typically comprises around 12 laminae, with 6 provided in 
each direction of fibre travel. The layers are at an angle of approximately 30° on every 
otber layer, with 30° in the opposite direction oa the remaining layers. The functions the 
5 annulus performs determine the need for this type of structure. No matter which direction 
the vertebrae moves, these will always be some fibres in tension and some in compression. 
ThU3 3 the annuhis will always be acting using some fibres to stretch (they will resist stretch 
like an elastic band) and pull the spina back into the correct posture. 

10 The annulus has overlapping, radial bands, not unlike die plies of a radial tyre, and this 
allows torsional stresses to be distributed through the annuhis under normal loading, 
without rupture. One study suggested that the posterior part of the annulus is the weaker 
side, so more susceptible to damage - Tsuji; Structural variation of the annulus fibrosis. 
Spine 18 pp204-210 9 1993. The annulus is the strongest part of the disc. 

15 

Nucleus 

The nucleus at the centre of the disc, is a highly hydrated gel of Proteoglycans. In children 
and young adults, die water content can account for up to 80% of its weight - Ghosh. This 
gel material is a very thick fluid that is dense enough to be able to be torn. It serves the 
20 twin purposes of both direct load bearing and, by being fluid in nature, being able to 
change shape under loading to distribute the load to the annulus. The nucleus may only 
bear half die load of the FSU (functional spinal unit) with the annahis carrying the rest - 
Finneson; Low back pain. ISBN Q-597-5Q493-4, 1992. It is this shared loading that allows 
the disc to continue to operate even after the nucleus has been damaged. 

25 

Degeneration and/or herniation and/or damage to a disc can occur during a patient* s life. 

Degenerative disc disease (DDD) is the process of a disc losing some of its function, due to 
a degenerative process, and is a very common and natural occurrence. At birth the disc is 
30 comprised of about 80% water. As ageing occurs, the water content decreases and the disc 
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becomes less of a shock abscnber, the proteins within the disc space also alter their 
composition. 

The relationship between degeneration and pain is not a clear one. Theories to explain why 
5 some degenerative discs are painful include: 

Injury : A tear in The annulus may release nucleus material, which is known to be 
inflammatory. 

Nerve Ingrowth into Discs r Some people seem to have nerve endings that penetrate more 
ID deeply into the outer annulus, than others* and this is thought to mate the disc susceptible 
to becoming a pain generator. 

Loss of Height ; A degenerative disc may lose height as the water content lowers. This 
may cause the disc to bulge outwards - pressurising the nerve roots and thus causing pain* 

15 In addition, this loss in height will have other effects that can also be pain generating: 

The disc biomechanics will alter. Normally the nucleus pressurizes the annulus forcing the 
fibres into tension. Howevet in these cases the nucleus will lose this ability and the annulus 
itself will be forced to cany the compressive load at that level in the spine. This will 
increase the stress in the annulus. 

20 The load distribution through the disc will be affected by this. When the uniform 
distribution becomes more haphazard the load will not be carried m an even manner 
throughout the disc. 

Alteration in the disc biomechanics will affect both the patient's range of motion and alter 
the position of the instantaneous axis of rotation in normal movements. 
25 The result of these factors will usually mean increased loading on the facet joints that may 
in turn start to degenerate mi become symptomatic. 

What ever the reason behind the degeneration causing the pain, treatment to improve the 
position and the patient's life is important. The treatment options are discussed in more 
30 detail below. 
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A herniated disc is similar to a prolapsed one, in that there is a bulge in the disc itself. 
However, the disc will not have collapsed in the same way. The injury is thou^bt to be 
tht ough a combination of a degenerative process and mechanical loading, The stages of 

5 disc herniation - Ibrahim; ; Colorado spine institute; 
http;//wvw.c^loradospineinstitute,com 2004; are disc degeneration, perhaps due to 
chemical changes associated with aging cause the disc to weaken; formation of a bulge due 
to this localised failure of the annuhis; progression of the condition can cause the nucleus 
to protrude out as a herniation; the bulge will press against the nerves in the spinal canal 

10 and cause pain that the body sees as coming from the legs; further progression results in 
extrusion as the gel-like nucleus pttlpdSus breaks through the annuhis fibrosis, but remains 
within the disc; further progression may result in the nucleus pulposus breaking through 
tiie annulus fibrosus and lying outside the disc in the spinal canal, a sequestered disc. 
•. 

15 Whilst most patients with a herniation will improve without surgery in some case surgery 
is necessary, If surgery is rajuired then usually the treatment will be to remove part, or all 
of the herniated disc, such that the nerve roots are no longer impinged. 

Surgical treatment of Degenerative and Herniated Discs 

20 When a disc that is showing signs of degeneration or herniation or disease or damage 
become painful a surgeon may often operate. Treatments that may be conducted include: 

1 . Partial disceefcomy - removal of local annular material to the site of a herniation, 

2. Partial nucleotomy - removal of local nucleus material close to the site of the 
25 herniation. 

3. Discectomy and fusion - removal of the entire disc and fusion of the disc qpace, 
used izl more serious cases. 

4. Other treatments such as a disc replacement or nucleus replacement - these are 
new treatments used as an alternative to fusion. 

30 
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The present invention is intended to be, particularly useful as part of the following 
treatments: 

* Nucleatomy to replace the lost or removed nucleus material by inserting the 
5 implant to provide a nucleus material equivalent alongside the remaining nucleus material; 

* Artificial Disc Replacement to restore a functional nucleus by inserting the 
implant in conjunction with an annul us replacement; 

* Artificial Nucleus Replacement to restore a functional nucleus by inserting the 
implant 

10 

With reference to Figure 1, on intervertebral disc 1 is shown with part of the nucleus 3 
removed through an incision 5. Following removal of the material, the first part of the 
implant has been inserted. The first part is a fabric bag 7 with an opening 9, The bag 7 is 
empty and hence easily reduced to a small size at this stage so as to allow easy insertion 
IS through the incision 5. The incision 5 is of die smallest size necessary to remove the 
nucleus material. This comes with prior art systems when? the incision 5 needed for the 
nucleus removal needed to be enlarged to allow enough room to deploy the implant. The 
opening 9 into the bag is kept close to the incision 5. 

20 The bag 7 is fbrmed in such away as to offer the necessary strength and structural 
properties to constrain the filling it is to receive;, but does so whilst being open to the 
passage of fluid through it, both into and out of its inside. Hie significance of this will be 
described in greater deal below. 

25 In Figure 2, the next stage of the implants formation is shown. Using an applicator 20 P the 
second part of the implant, the filling 22 is pushed into the bag 7 through the opening 9. 
The filling 22 is of relatively small cross- section and so does not necessitate any 
enlargement of the incision 5 either. Sufficient filling 22 is introduced into the bag 7 to 
give it the desired properties discussed in more detail below. As can be seen, however, the 

30 filling 22 causes the bag 7 to generally assume the profile of the space in the nucleus 3. 



I 
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The filing 22 is made of one Or more 
polyester fibre. 



material which encourage tissue growth, such as 



Such a bag can be provided together with 
applicant's co-filed UK patent application 
which arc incorporated herein by reference 



or linked to the type of device disclosed in 
rrlade under reference P208182, die contents of 
* ith respect to that device. 



An implant according to the present inveniou is suitable when a procedure such as a 
nucleotomy has been conducted as the disc will have lost material feom the nucleus. This 
may cause a loss in nucleus function and/ur a loss in disc height The implant thus 
provides a partial artificial and SO provides tr satment in these cases. 
An important part of the present invention is 



|the filling 22 used and structure of the bag 7. 



m disc I nucleus replacement procedures, the prior art approach has been to provide a non- 
biological mechanism for mimicking the dis^s natural function throughout the life of the 
device. As far as practically possible the [device has been isolated from its biological 
surrounds. The present invention aims to pre vide a phased transition from a solution based 
on a non-biological mechanism to a combination of biological and non-biological 
mechanisms and potentially even on to a j]redomirmntly or even exclusively biological 
mechanism. 

This aim can be achieved by careful design jof the fitting 22 and bag 7 to facilitate rather 
than resist tissue ingrowth. 

TVhen exposed to alien materials which caijnot be expelled or broken down, the bodies 
reaction is to try and isolate the material. Tis me thus grows around the material. 



In the past, the continuous nature pf the imp ant 
30 around the outside of the implant. In the 



case 



has meant that the tissue has grown only 
of inflatable balloons, this is because the 
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Outer which constrains the inflation, by its very nature, also prevents tisane growth inside. 
Similarly metal devices prevent tissue ingrowth because of the material they are made 
from. Other implants have used an outer which is continuous in nature and so only a 
surface layer of tissue around the very outside may have developed Either because to the 
5 nature of the implant or because of active steps taken* no tissue ingrowth within the 
implant occurs. In some cases, steps to actively avoid tissue ingrowth have been taken, for 
instance to prevent the tissue interfering with the operation of the non-biologtcaJ 
mechanics of the device. 

10 The present invention takes a fundamentally different approach and actively seeks tissue 
ingrowth for the implant. 

Firstly, the bag 7 is provided in such a way that there are significant opening&'gaps 
between the fibres forming the bags- Fluids can thus readily pass through the bag 7 in 
15 either direction. As a result the outer of the implant facilitates tissue ingrowth through 
itself. 

Secondly, and with reference to the Figure 2 embodiment, the filling 22 consists of groups 
of fibres collected together in an unconstrained, unhraided mass. The elongate nature of 
20 the fibres suits them to alignment within the applicator 20. Some alignment is retained 
within the bag 7, but generally the result is a filling 22 formed of an open mass of fibres. 

Such a filling 22 of unconstrained and unhraided polyester filaments or fibres initially 
occupies a small volume in the nucleus. Following implantation, however, tissue ingrowth 

25 into the fillii*g 22 occurs. The open nature of the mass of fibres and material of the fibres 
promotes this* With time, the tissue ingrowth tends to surround each fibre individually, as 
the tissue is able to reach each individually. Thus each individual fibre is alien material to 
be isolated by surrounding. If densely packed fibres are provided, the tissue growth ia 
again restricted to the outside as the fibres are seen as an integral mass by the tissue. The 

30 Open fibres of the present invention in effect act as a scaffold. As this growth progresses, it 
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will cause the volume of the filling 22 and hence the bag 7 to swell to fill the available 
space in the nucleus. 

The lack of restriction on the tissue ingrowth and the free access for fluids into and out of 
5 the bag 7 and filling 22 should mean that the tissue which grows is similar in composition 
and hence properties to the undisturbed nucleus material that surrounds it- 

The swelling of the bag 7 should restore some of the disc height that has been lost as the 
disc failed. 

10 

In theory, during the earlier stages of degenerative disc disease* the idea of refilling the 
nucleus with scaffolding polyester fibre could act as a permanent treatment At the very 
.least* it would be expected to improve the patient's condition in the medium term delaying 
a more serious procedure, In the meantime, all normal treatment options would still be 
IS able to be used on the patient. 

The applicator 20 lis illustrated in more detail in Figure 3, in conjunction with a different 
form of filling 30, to the filling 22 used in the Figure 2 embodiment. In this case, rather 
than being a mass of fibres in an Unconstrained form, the filling 30 is provided in the form 
20 of a number of discrete pads 32 of felt like material 34, Felt and similar materials used the 
natural Interlacing of thdr fibres to form an open porous structure. This can be 
supplemented by needling to increase the interlacing and/or openness of the structure if 
desired. 

25 The applicator 20 consists of a tube 36 which, holds the pads 32, Under the control of die 
surgeon a plunger 38 is advanced in the tube 36 to push the pads 32 out into the bag 7 
within the disc, Overtime, the pads 32 expand a& tissue grows within and around them. 
Different applicator crosB-sections can be used to deploy different fillings. 
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Figures 4a, 4b and 4c illustrate a number of alternative forms of filling 22 in 

unconstrained, uribraided form. Figure 4c shows a series of generally aligned fibres 40 

which are non-linear in nature. The waves built into the fibres 40 serve to apace individual 

fibres 40 from one another. The result is a mass of fibres 40 with substantial voids 42. 

5 Figure 4b shows a modification, fa which a series of secondary fibres 44 are provided with 

a different orientation to the primary fibres 40. The difference in orientation resists 

pressures which would otherwise cause the voids 42 between the fibres to be reduced. 

Figure 4c shows a mass of fibres 46 in a form more closely approaching that of a felt or 

cotton wool material. A very large number of different orientations are provided and thus 

1 0 serve to maintain the spacing against compression in a wide variety of directions. 

Figure 5 shows a further filling form in which primary fibres 50 of a large cross-section are 
mixed with secondary fibres 52 of a smaller cross-section, The differences in cross-section 
again help to maintain the voids 54 within the filling. 

15 

Figures 6a and 6b Illustrate examples of a more structured filling 60. In the first case, 
Figure 6a, the majority of the fibres 62 are provided along a first alignment. To assist in 
keeping the alignment of the fibres 62 during and after deployment, a limited number of 
fibres 64 are wrapped around the fibres 62 to maintain them as bundles. The bundles are 
20 still open, however, and have significant voids. In the Figure 6b form, the fibre bundle is 
chopped by a hot blade and this mete pan of the ends and joins them together upon 
cooling due to mass 66. 

The Figure 7 embodiment is a still more structured embodwi&nt of the filling 70. An outer 
25 layer of criss-cross fibres 72 is provided so as to maintain the inner fibres 74 in the desired 
position. The inner fibres 74 are a mixture of large 76 and small 78 fibres. By potentially 
providing the fibres 76, 78 on a mnuber of slightly different alignments a more open 
structure with large voids is provided. The large gaps in the outer layer of criss-cross 
fibres 72 means that there is no interference with tissue ingrowth, but these fibres can be 
30 provided with a degree of stLfihess to assist deployment and positioning of the filling 70 
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within tbe space in foe bag which surrounds it. A series of lengths of such filling 70 can he 
used jn & single bag to give the desired overall structure. 

In Figure 8, the fibres 85 within a bundle are spaced and provided on a variety of 
5 alignments by the inclusion of a number of spherical beads 87. 

FinaUy in Figure 9, a series of beads 90 are provided linked together by a fibre 92. The 
beads are each surrounded by a mass of fibres 94 braided on to form a mass. Tbe braided 
mass 94 surround* each of the beads 90 like a sleeve. Again the filling itself is Open and 

10 




In many of the above cases, the desired open structure is not only provided by individual 
groups of fibres, but also by the interaction between individual groups of fibres and the 
voids betwesn them that they define. 

15 

In all of the above embodiments, and in the invention in general, the provisioned an °P*n 
1 structure can also bo assisted by die careful use of different materials for different parts of 
the filling. 

20 At the time of deployment, Figure 10a, the bag 1 00 is formed of a number of fibres 102 
woven together to provided the necessary structure for containing the filling 104. The 
filling 104 itself is provided in the form of a series of wavy fibres of a first size 106 and 
second size 108, together with spacing fibres 110 which assist in maintaining the open 
position of die first size 106 and second size 108 fibres under compression. The result is 

25 an open structure with substantial gaps in the bag 100 to allow fluid connnunicatlon 
through the bag 1 00 and substantial voids 1 14 between foe fibres 106, 108, 110. 

Sbc months or so after deployment, Figure 10b, foe position has changed. Substantial 
amounts of tissue ingrowth has occurred. The tissue ingrowth serve* m effect to provide 
30 nucleus material which resists compression of foe nucleus and filling 104. The spacing 
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fibres 110 are no longer required, therefore, having served their function of resisting 
compression of the fibres 105, 108 during the early days of the implant 

By providing the spacing fibres 110 from a bio-absorbable material which is relatively 
5 quickly absorbed, within 6 month? or so, the spacing fibres 110 are removed from the 
equation. The tissue they served as a scaffold for usefully remains, but the fibres 110 
themselves have gone in most places. A few remains 118 of such fibres 110 may remain- 
As a result of these fibres 110 going, there is no restriction on the expansion of the voids 
114 by tfre spacing between fibres 1Q$> 108 increasing. The tissue growth itself provides 
10 the expansive pressure for this to happen, 

The non-bioabsoibable fibres 102 of die bag 100 remain, as do the fibres 106, 108 to 
provide assistance to the overall structure. 

15 Figure 10c shows the position some 2 years or so after deployment. Yet further tissue 
growth has occurred and the regenerated tissue now provides the majority of the nucleus 
function. With this mainly biological provision of the necessary structure, there is less 
need for the fibres 106. 108. As the fibres 106 are also provided from a bio-absoarbable 
material, these too are disappearing, . Different time periods for bio-absorption to occurred 

20 are possible through selection of the material used. The removal of the fibres 106 allows 
the remaining fibres 108 to expand still further. 

So as to accurately gauge the size of bag required and amount of filling needed, it is 
possible to measure the inflated volume of an inflatable bag inserted into the space vacated 
25 by the removed nucleus material. 
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1. A spinal in^laht, the implant including a . porous component and one or more 
filling dements provided within the porous component. 

2. The tmpJant of claim 1 in which the implant is a partial nucleus pulposus 
replacement or a total nucleus replacement. 

3. The implant of claim 1 or claim 2 in which the porous component is a bag or other 
10 form of container having an opening to permit the insertion of the one or more filling 

elements. 



4. The implant of any preceding claim in which the porous container is made of 
fabric, particularly a woven fabric. 

15 

5. The implant of any preceding claim in which the pores in the porous component 
have at least one cross- sectional dimension that is less than the smallest cross-sectional 
dimension of the filling elements. 

20 6. The implant of any preceding claim in which the porous component is configured 
and/or formed of and / or provided with one or more materials intended to promote tissue 
growth, particularly tissue ingrowth through the porous component and/or between the 
parous component and one or more of the filling elements and/or between two or more of 
the filling elements, 

25 

7. The implant of any preceding claim m which one or more materials used in the 
porous component is bio-absorbable. 



• 
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8, The implant of any preceding claim in which the bio-absorbable material is used 
to decrease the amount of porous component present and/or positions at which the porous 
component is present and/or density at which the porous component is present overtime, 

5 9. The implant of any preceding claim in which the bio-absorbable material restrains 
the porous component in a first state, the bio-absorption of the material allowing the 
porous component to assume a second state. 

10. The implant of any preceding claim in which the one or more filling elements is 
10 fibrous. 

11- Ttoe implaflt of any preceding claim in which one or more filling elements that are 
porous and/or define voids within themselves and/or between parts of a filling element are 
~ provided- 

15 

12. The implant of any preceding claim in which one or more filling elements are 
formed of unconstrained fibres and/or nabraided fibres and/or interlaced fibres. 

13. The implant of any preceding claim in which one or more filling elements are 
20 provided with aligned fibres. 

14. The implant of any preceding claim in which one or more filling elements are 
provided, for instance wavy and/or curved and/or zig zag fibres. 

25 15. The implant of any preceding claim in which one or more filling elements with 
fibres which act to space each other from one another are provided. 

16. The implant of any preceding claim in which one or more filling elements with 
fibres of two or more different cross sections are provided. 

30 
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17. Ths implant of any preceding claim in which one or more filling elements with 
fibres provided in a first direction are provided, with, one or more restraining fibres or 
materia] wbicb surround and 7 or enclose and / or be wrapped around and / or contact a 
plurality of fibres. 

18. The implant of any preceding claim in which one or more filling elements are 
provided with peripheral fibres or material provided around the filling element, the 
peripheral fibres or material being wrapped around the filling elements in a spiral manner 
and / or criss-cross manner. 

19. Hue implant of any preceding claim in which one or more filling elements are 
provided with pieces provided therein, the pieces being intermixed with Orte or more fibres. 

20. The implant of any preceding claim in which the pieces are spheres, beads, blocks 
15 or the like. 

21. The implant of any preceding claim in which the pores and/or voids and/or 
apertures and/or gaps occurring in the filling elements and/or there between are due to the 
manner of manufacture of the material from which it is formed or are supplemented with 

20 further pores and/or voids and/or apertures or gaps, 

22. The implant of any preceding claim in which the one or more filling elements are 
configured and/or formed of one or more materials intended to promote tissue growth, 
particularly tissue ingrowth through one or more filling elements and/or between the 

25 porous component and one or more filling elements and/or between two ot more of filling 
elements. 

23 . The implant oif any preceding claim in which one or more materials used in one or 
more of the filling elements are bio-absoibable and the bio-absorbablc material is used to 

30 decrease the amount of one or more filling elements present and/or positions at which one 
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or more filling elements is present and/or density at which one or more filling elements is 
present overtime. 

24. The implant of any preceding claim in which the bio-absorbable material restrains 
5 one or more of the filling elements, or a part thereof; in a first state, the bio-absorption of 

the material allowing one or more filling elements, or a part thereof, to assume a second 
state, the second state providing a greater internal volume for one or more fining elements 
and/or greater porosity for one or more filling elements and/or reduction in mas* of one or 
more filling dements and/or provide more space for tissue ingrowth. 

10 

25. A surgical technique in which, at least part of a spinal disc is removed and an 
implant is provided, the implant having a porous component and one or more filling 
elements provided within the porous component. 

15 26, A technique according to claim 25 in which the porous component is inserted 
through the same incision as is used to remove the nucleus material and the incision is only 
as large as needed for the nucleus material removal stage and the one or more filling 
dements are provided through the incision used to remove the nucleus material, the 
incision used for introducing the one or more filling elements being no larger than the 

20 incision necessary for the removal of the nucleus material. 

27. A technique according to claim 25 or claim 26 in which the one or more filling 
elements are introduced into the porous component, with the porous component already 
Within the intervertebral disc space. 

28. A technique according to any of claims 25 to 27 in which the technique includes a 
first time in which the implant provides one or marc characteristics of a naturally occurring 
disc by virtue of a non-biological mechanism, and a second time at which the implant 
provides one or more characteristics of a naturally occurring diBC by a combination of a 
non-biological mechanism and biological mechanism. 



25 



30 
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29. A technique according to claim 28 in whiGh the technique includes a third time 
with Wbstantially all of the one or more characteristics of a naturally occurring disc are 
provided by a biological mechanism. 



30. A technique according to claim 28 or claim 29 in which rhs transition from the 
mechanism est the first time to the second time and / or third time is due to bio-absorption 
of one or more of the materials forming the implant and particularly forming one or more 
filling elements thereon. 



10 



